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BACKGROUND OF PROJECT 

Coal, as w e  a l l  know, has been mined i n  Pennsylvania f o r  decades, l eav ing  many under- 
ground caverns i n t o  which ground water p e r c o l a t e s  and eventua l ly  flows out i n t o  t h e  
streams. 

Today, more t h a n  2,500 m i l e s  of Pennsylvania 's  streams are p o l l u t e d  by mine drainage 
from abandoned mines, es t imated  a t  c l o s e  t o  one b i l l i o n  g a l l o n s  p e r  day ( p l u s  an 
a d d i t i o n a l  es t imated h a l f - b i l l i o n  g a l l o n s  p e r  day from a c t i v e  mines). 

Before 1963, l i t t l e  hope w a s  he ld  for a comprehensive s o l u t i o n  t o  what w a s  an ever- 
i n c r e a s i n g  problem. 
Mineral I n d u s t r i e s  launched an i n t e n s i v e  research  program t o  a s c e r t a i n  t h e  e x t e n t  o f  
t h e  problem and t o  develop economical methods f c r  aba t ing  stream p o l l u t i o n  from both 
a c t i v e  and abandoned c o a l  mines. S t u d i e s  were i n i t i a t e d  t o  e s t a b l i s h  t h e  mechanism 
o f  formation of  a c i d  mine w a t e r ,  and t o  i n v e s t i g a t e  its t rea tment  and cont ro l .  
Means were sought f o r  prevent ing  water from e n t e r i n g  c o a l  mines, by d i v e r t i n g  water 
flow, b a c k f i l l i n g  mine voids ,  etc. Much progress  has  been made but  much remains 
t o  be done. 

In 1968, t h e  Parsons-Jurden Corporat ion received a c o n t r a c t  from t h e  Department of  
Mines and Mineral I n d u s t r i e s ,  Commonwealth of Pennsylvania, f o r  t h e  development and 
demonstration o f  t h e  u s e  of i n - s i t u  p r e c i p i t a t i o n  o f  s ludge r e s u l t i n g  from t h e  re- 
a c t i o n  of a c i d  mine water w i t h  l o w  c o s t  a d d i t i v e s  i n  an abandoned c o a l  mine t o  
prevent  mine drainage p o l l u t i o n .  
P o l l u t i o n  Control Adminis t ra t ion,  U.S. Department o f  t h e  I n t e r i o r ,  through a grant  
t o  t h e  Commonwealth of  Pennsylvania  under T i t l e  11, Sect ion  6 ( a )  of  t h e  Federal  
Water P o l l u t i o n  Control A c t ,  as amended by t h e  Clean Water Res tora t ion  Act of  1966. 
The demonstration mine would be  t h e  Hastings Fuels  Company Mine No. 1 i n  Cambria 
County, Pa. The work would proceed i n  two phases ,  first i n  t h e  l a b o r a t o r y ,  then  i n  
t h e  f i e l d  at  t h e  s e l e c t e d  mine. 

This  water dur ing  i t s  course through t h e  mine workings becomes a c i d i c .  

However, i n  1963, t h e  Pennsylvania Department of Mines and 

The work i s  supported i n  p a r t  by t h e  Federal  Water 

EXISTING APPROACHES TO POLLUTION CONTAOL 

Acid water p o l l u t i o n  from c o a l  mines manifests i tself  i n  t h e  form of  a l a r g e  drainage 
outf low c o n s i s t i n g  of  s u l f u r i c  a c i d ,  d i sso lved  i r o n ,  and o t h e r  minera l  impurities, 
similar i n  charac te r  t o  w a s t e  p i c k l e  l i q u o r  from t h e  s tee l  indus t ry .  The a c i d  stream 
i S  generated by water c o n t a c t i n g  t h e  mine workings i n  t h e  presence o? oxygen and react-  
i n g  wi th  p y r i t e s  conta ined  i n  unexcavated p i l l a r s  and o t h e r  surfaces o f  t h e  deep mines. 

Numerous approaches have been taken f o r  reducing t h i s  a c i d  water p o l l u t i o n ,  among 
which have been: 

1. A i r  s e a l i n g  o f  t h e  mines. 

2. 

3. 

Flooding t h e  mines by s e a l i n g  t h e  e x i t s .  

Neut ra l iz ing  t h e  a c i d  outflow with a l k a l i n e  materials. 
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4. Diversion of subsurface waters  from mine en t rances .  

5. I n j e c t i o n  t o  underground s t r a t a .  

6. Chemical s e a l i n g  of  sur faces  within t h e  mine. 

PARSONS-JURDEN APPROACH 

The i n - s i t u  p r e c i p i t a t i o n  approach proposed by Parsons-Jurden o f f e r s  b e n e f i t s  of 
lower cos t  and ease i n  use and should have wider a p p l i c a t i o n s  t o  mines of  varying 
geological  f e a t u r e s .  

The i n - s i t u  p r e c i p i t a t i o n  concept c o n s i s t s  o f  i n j e c t i n g  water  s l u r r i e s  of low c o s t  
a l k a l i n e  r e a c t a n t s  (such as l imestone,  l ime,  and f l y  a s h )  d i r e c t l y  i n t o  a c i d  water 
contained i n  t h e  mine voids ,  through bore holes  d r i l l e d  from t h e  sur face .  Numerous 
reac t ions  occur  during t h e  n e u t r a l i z a t i o n  of t h e  a c i d i t y ,  r e s u l t i n g  i n  p r e c i p i t a t e s .  
In addi t ion ,  as t h e  pH goes up, var ious  mineral c o n s t i t u e n t s  i n  t h e  water (notab ly  
i r o n )  p r e c i p i t a t e  as a g e l a t i n o u s ,  voluminous s ludge.  
bulking r a t i o  of 30:1, t h a t  i s  t h e  s ludge r e s u l t i n g  from i n j e c t i n g  a t o n  of  r e a c t a n t  
i n t o  t h e  mine water would occupy 30 times t h e  volume occupied by t h e  same t o n  in- 
j e c t e d  i n t o  pure water. 
a s  high as 150:l can be achieved,  although p r a c t i c a l  cons idera t ions  i n d i c a t e  such 
l a r g e  r a t i o s  have l i m i t a t i o n s .  

In-s i tu  p r e c i p i t a t i o n ,  as a technique f o r  e l imina t ion  of  p o l l u t i o n  from abandoned 
coa l  mines, i s  of i n t e r e s t  from t h r e e  s tandpoin ts :  

Our proposal  pos tu la ted  a 

Subsequent labora tory  work has i n d i c a t e d  t h a t  bulking r a t i o s  

(1) F i l l i n g  of mine voids ,  t o  r e s t r i c t  e n t r y  and passage of water t h r u  t h e  mine; 

( 2 )  Sea l ing  drainage openings t o  r e s t r i c t  outflow from t h e  mine; and 

( 3 )  Continuous n e u t r a l i z a t i o n  of  any e f f l u e n t  a c i d  mine water. 

Use of  t h i s  concept f o r  f i l l i n g  mine voids  is based on forming "bulking-type p r e c i p i -  
tates" (as  mentioned above) ,  t h u s  providing an economic advantage over simple 
b a c k f i l l i n g  on a one t o  one r a t i o .  
of s e a l i n g  drainage openings because t h e  water-borne p r e c i p i t a t e s  so formed seek 
out t h e  flow p o i n t s  (being c a r r i e d  by t h e  water f low) and p l u g  them, an a c t i o n  S imi la r  
t o  "blinding" a f i l t e r  c l o t h .  F i n a l l y ,  in -s i tu  p r e c i p i t a t i o n  i s  expected t o  be an 
e f f i c i e n t ,  economical means f o r  continuous n e u t r a l i z a t i o n  o f  e f f l u e n t  mine waters, 
without t h e  usual  waste s ludge d i s p o s a l  problems. 

This  concept is  a l s o  u s e f u l  from t h e  s tandpoin t  

The f e a s i b i l i t y  and economics of  continuous e x t e r n a l  n e u t r a l i z a t i o n  of  a c i d  mine water 
drainage from a c t i v e  coa l  mines has  been demonstrated. 
posa l  of  t h e  r e s u l t a n t  s ludge remains. 
sludge does not  present  any problem. 
gradual ly  s e t t l e s  t o  t h e  lower p o r t i o n s  of t h e  mine. 
r e t e n t i o n  bas in  f o r  t h e  s ludge.  
continuous n e u t r a l i z a t i o n  s t a t i o n  is  no longer  needed as t h e  p o l l u t i o n  problem no 
longer  e x i s t s .  

However, t h e  problem of d i s -  
When appl ied  t o  abandoned coa l  mines, t h e  

The s ludge i s  formed i n  t h e  mine voids  and 

When t h e  mine eventua l ly  f i l l s  up with s ludge,  t h e  
The mine provides an ex tens ive  

PRESENT STATUS OF PROJECT 

Shor t ly  after t h e  Commonwealth o f  Pennsylvania i s s u e d  i t s  c o n t r a c t  t o  us t o  proceed 
with t h i s  p r o j e c t ,  an  unforeseen o b s t a c l e  developed: one of t h e  landowners refused 
t o  s ign  a r e l e a s e  permi t t ing  access  t o  t h e  Hastings mine. A second mine w a s  then 
considered,  loca ted  i n  t h e  Pr ince  Gal l i tzen  S t a t e  Park. However, t h e  water flow a t  
t h i s  mine was deemed t o  low t o  be usefu l  f o r  t h e  demonstration. A t h i r d  mine w a s  
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then considered,  and p r e s e n t l y  i s  expected t o  be t h e  demonstration s i t e :  
No. 4 Mine at  Vintondale. 
pump and f a n  were removed. The mine has  subsequently been f i l l i n g  with water .  When 
t h e  water  l e v e l  reaches 1405 f t . ,  t h e  water  w i l l  flow out  of  t h e  mine through t h e  
en t rance ,  a t  an a n t i c i p a t e d  r a t e  o f  one m i l l i o n  ga l lons  per  day. A s  t h i s  paper i s  
be ing  prepared ,  t h e  water l e v e l  has reached approximately 1376 f t .  It i s  an t ic ipa ted  
t h a t  by t h e  time t h i s  paper i s  d e l i v e r e d  ( A p r i l  1 9 6 9 ) ,  t h e  water  w i l l  be flowing from 
t h e  mine. 

t h e  Dr isco l l  
This  mine w a s  a c t i v e  u n t i l  January 1967, at  which t i m e  t h e  

LABORATORY INVESTIGATIONS 

The l a b o r a t o r y  phase of t h i s  p r o j e c t  i s  designed t o  serve  two func t ions :  f i r s t  t o  
develop d a t a  f o r  labora tory  confirmation t h a t  t h e  i n - s i t u  p r e c i p i t a t i o n  concept can 
achieve what i s  expected of i t ;  and second, t o  e s t a b l i s h  what mater ia l s  and methods 
w i l l  be used at  t h e  demonstration mine. Because of problems i n  s e l e c t i n g  t h e  mine 
t o  b e  used f o r  t h e  f i e l d  demonstrat ion,  t h e  labora tory  t o  d a t e  has been l i m i t e d  t o  
developing d a t a  o f  a g e n e r a l  na ture .  
ferrous s u l f a t e ,  aluminum s u l f a t e  and s u l f u r i c  a c i d ,  w a s  used t o  eva lua te  var ious 
t y p e s  o f  m a t e r i a l s  r a t h e r  than s p e c i f i c  candidate  materials. Laboratory t e s t s  were 
devised t o  determine t h e  bulk ing  r a t i o s  f o r  p r e c i p i t a t e s  produced, s e a l i n g  proper t ies  
(and condi t ions  necessary f o r  such s e a l i n g )  of  p r e c i p i t a t e s ,  and ef fec t iveness  of 
continuous n e u t r a l i z a t i o n  o f  e f f l u e n t  mine water .  

To determine t h e  bulking r a t i o  f o r  a given r e a c t a n t ,  a water s l u r r y  of t h e  reac tan t  
was added t o  s y n t h e t i c  a c i d  mine water  a t  a s p e c i f i e d  r a t i o .  The r e s u l t a n t  mixture 
was allowed t o  s tand  f o r  18 hours at which time t h e  volume of  t h e  p r e c i p i t a t e  was 
noted and compared t o  t h e  volume obtained i n  pure water; pH w a s  a l s o  measured. As 
previous ly  noted,  bulking r a t i o s  as high as 150:l were achieved. 

To e v a l u a t e  t h e  s e a l i n g  p r o p e r t i e s  of t h e  p r e c i p i t a t e s ,  a g l a s s  t u b e  2 inches i n  
diameter  and 4 f e e t  long was used t o  s imula te  a mine a d i t .  
a "hor izonta l"  p o s i t i o n ,  w i t h  a 1% slope towards t h e  e f f l u e n t  end. A w i r e  gauze, 
backed up by a l a y e r  of coarse  sand and one of  f i n e  sand w a s  p laced a t  t h e  e f f l u e n t  
end t o  s imula te  a rubble  o b s t r u c t i o n .  Acid mine water w a s  suppl ied  t o  t h e  tube a t  
a c o n t r o l l e d  r a t e  t o  s imula te  t h e  flow of mine water i n  t h e  a d i t .  A water s l u r r y  
o f  r e a c t a n t  m a t e r i a l  w a s  i n j e c t e d ,  through a v e r t i c a l  s i d e  tube l o c a t e d  a shor t  
d i s t a n c e  behind t h e  sand l a y e r s ,  a t  a c o n t r o l l e d  r a t e  t o  maintain a f i x e d  r a t i o  of 
m i n e  water t o  s l u r r y .  Reduction i n  flow rate ,  and pH of e f f l u e n t  was measured over 
an extended per iod  of  time. I n  most c a s e s ,  t h e  flow rate  w a s  reduced s i g n i f i c a n t l y ,  . 
and i n  some cases  stopped completely;  pH oy'efffluent w a s  r a i s e d  t o  acceptable  l e v e l s , -  
and could be  brought up t o  t h e  range o f  12-13 without any d i f f i c u l t y  ( i n i t i a l  pH 

A s y n t h e t i c  a c i d  mine water, cons is t ing  o f  

The tube  w a s  p laced i n  

was  3 ) .  

To s tudy t h e  continuous n e u t r a l i z a t i o n  of a c i d  mine water, t h e  "horizontal"  tube 
set-up was used except  t h a t  t h e  tube now sloped away from t h e  e f f l u e n t  end. Under 
t h e s e  condi t ions ,  t h e  p r e c i p i t a t e  formed r o l l e d  back down t h e  tube  t o  accumulate a t  
t h e  lower end. The pH of  t h e  w a t e r  could be r a i s e d  t o  and maintained a t  any des i red  
l e v e l .  

When t h e  demonstration mine is  f i n a l l y  s e l e c t e d ,  s p e c i f i c  labora tory  tests w i l l  be 
performed based on t h e  a c t u a l  mine water and on economically a t t r a c t i v e ,  l o c a l l y  
a v a i l a b l e  a l k a l i n e  r e a c t a n t s .  S h o r t l y  t h e r e a f t e r ,  t h e  a c t u a l  f i e l d  demonstration 
w i l l  be undertaken. 
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A t  t h i s  t ime,  it i s  t o o  e a r l y  t o  draw any d e f i n i t e  conclusions a s  t h e  a c t u a l  demon- 
s t r a t i o n  has not  s t a r t e d ,  but  from t h e  prel iminary r e s u l t s  of  t h e  l a b o r a t o r y  inves- 
t i g a t i o n s ,  w e  are extremely o p t i m i s t i c  concerning a successfu l  demonstration. 
is a l s o  f e l t  t h a t  a f t e r  t h e  completion of t h e  program, w e  w i l l  be a b l e  t o  demonstrate 
t h e  economic soundness of us ing  t h i s  method of prevent ing stream contamination from 
most abandoned mines and some opera t ing  mines, u t i l i z i n g  t h e  i n - s i t u  p r e c i p i t a t i o n  
techniques. However, each i n d i v i d u a l  mine must be evaluated t o  determine which one 
o r  more of  t h e  t h r e e  r e s u l t s  i s  t h e  most economic, i . e . :  

I t  

(1) f i l l i n g  of mine voids ,  

(2 )  s e a l i n g  drainage openings, 

(3) continuous n e u t r a l i z a t i o n  o f  mine water. 
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